10 



nrVTCF FOR READING AN IMAGE HAVING A 
COMMON SEMICONDUCTOR LAYfcK 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a device for reading an 
image (an image reading device), and more particularly 
to a device for reading an image (an image reading 
device) having photoelectric conversion devices ar- 
ranged in a transverse direction to an original, which is 
usable for a facsimile machine, an image reader, a digital 
copying machine and the like. 

2. Description of the Prior An 
f^Ts this type of image reading apparatus as described 
aBSvV^ave been conventionally known three types of 
image reading devices such as a non-contact type a 
close contaevtype and an entirely-close contact type. 
Recently, in aSstiation with requirement for a compact 
and lightweight type of facsimile machine, image 20 
reader, digital c^pyinV^achine or the like, the image 
reading apparatus itself is>equired to be compact and 
lightweight. This requirementcauses the close contact 
and entirely-close contact types to^feemainly propa- 
gated in the market. However, a more^awnp^et and 23 
lightweightga^mage. reading device has been further 
required for these typeTJ . 

In addition, an iniagewhich is read out by the image 
reading device is required to be outputted with image 
quality of high precision and high gradation at high 30 
speed, and thus an image reading device having high 
photosensitivity and photoresponsivity has been also 
required. . 

Further, a photoconductor or photodiode type has 
been generally known as a photoelectric conversion 33 
device which is used in the image reading device. The 
photoconductor type allows a large amount of current 
to flow therethrough, but has low photoresponsivity. 
Inversely, the diode type permits only a small amount of 
current to flow therethrough, but has very excellent 40 
photoresponsivity. Recently, the photodiode type has 
been mainly utilized to satisfy the requirement for ob- 
taining high gradation. 

f^As an example of the diode type serving as the photo- 
1 electric conversion device has been well(*now)a semi- 45 

■ w ■ conductor structure in which PN or PIN junction is 

formed on a silicon substrate or an insulating substrate . 
with monocrystal silicon semiconductor, polycrystal 
silicon semiconductor or amorphous silicon semicon- 
ductor. A conventional photoelectric conversion de- 50 
vice is designed as a best device so that semiconductor 
layers having a PN or PIN junction are laminated on a 
monocrystal silicon substrate or an insulating substrate 
and positive and negative electrodes are formed on the 
top and bottom surfaces of the semiconductor layers in 55 
a laminating direction of the semiconductor layers. 
Further, the junction surface of the PN or PIN junction 
has been conventionally designed substantially in paral- 
lel with the principal plane of the semiconductor layers 
or the substrate to irradiate a large amount of light onto 60 
the junction surface^ 

As described above, since the conventional photoe- 
lectric conversion device has the junction surface 
formed in parallel with the principal plane of the semi- 
conductor layers or the substrate, an electric field 65 
which is generated inside of the semiconductor layers 
through the PN or PIN junction is directed perpendicu- 
larly to a light-irradiating surface (plane) and thus the 
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intensity of the irradiated light is inhomogeneous in the 
direction of the electric field. As a result, it is difficult to 
effectively generate electrons/holes in the conventional 
photoelectric conversion device and output them to the 
5 outside. 

Further, the photoelectric conversion device using 
amorphous semiconductor has a disadvantage that it is 
difficult to effectively take out carriers generated in the 
semiconductor by light irradiation to the outside be- 
10 cause the semiconductor material has a short diffusion 
length. 

As described above, miniaturization, high photore- 
sponsibility and efTectivity of photosensitivity have 
been insufficient to the conventional image reading 
15 device, and thus a further development has been re- 
quired for the conventional image reading device. In 
addition, a lower cost has been also required for this 
type of image reading device. 

20 SUMMARY OF THE INVENTION . qo „ 

xder to overcome the above idisadvantftg«of the 
prior ar>*anobject of this invention is to provide a 
device for reading^rohnage (an image reading device) 
25 which has a compacTslflicme^high photoresponsibil- 
ity and highly-effective photosen^tmiy^and is capable 
of reading out an image with high precisTorTandLjuj 
gradation.^3 

In order to attain the foregoing and other objects, a 
device for reading an image (an image reading device) 
according to the present invention comprises therein at 
least one photoelectric conversion semiconductor de- 
vice provided on a substrate and at least one thin film 
transistor circuit element provided on the substrate 

35 wherein said photoelectric conversion semiconductor 
device and said thin film transistor circuit element com- 
prise semiconductor regions obtained from one semi- 
conductor film provided on said substrate. 
In the photoelectric conversion device used in the 

40 device for reading an image (image reading device), an 
electric field which is generated by the P-type or N- 
type impurity region thereof is directed in parallel with 
a light-irradiating surface (plane). 
The device for reading an image is produced by a 

45 process comprising the steps of: depositing a semicon- 
ductor material on a substrate; forming a photoelectric 
conversion semiconductor device on said substrate, a 
semiconductor region of said photoelectric conversion 
semiconductor device being made of said semiconduc- 

50 tor material; and forming a thin film transistor on said 
substrate, a semiconductor region of said thin film tran- 
sistor being made of said semiconductor material, 
wherein said thin film transistor constitutes an electric 
circuit required to read an image. 

55 The photoelectric conversion device and the thin 
film transistor are formed of the same semiconductor 
film, and formation of impurity semiconductor regions 
of the photoelectric conversion device and that of the 
thin film transistor are carried out at the same time, e.g. 

60 by ion implantation, thereby implementing simplifica- 
tion of a manufacturing process and reduction of a man- 
ufacturing cost. 

That is, in accordance with the present invention, a 
method for forming a device for reading an image com- 

65 prising photoelectric conversion semiconductor de- 
vices provided on a substrate, an electric circuit re- 
quired to read an image, and thin film transistors pro- 
vided on said substrates and constituting at least a part 
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of said electric circuit comprises: forming a semicon- 
ductor film on said substrate; forming on said substrate 
said photoelectric conversion semiconductor devices, 
semiconductor regions of said photoelectric conversion 
semiconductor devices being made from said sowcon- 5 
ductor film; forming on said substrate said thin film 
transistors, semiconductor regions of said thin film tran- 
sistors being made from said semiconductor film; form- 
ing impurity semiconductor regions in said photoelec- 
trie conversion semiconductor devices; and forming 10 
impurity semiconductor regions in said thin film transis- 
tors at the same time as the formation of said impurity 
semiconductor regions in said photoelectric conversion 
semiconductor devices is carried out. 

Alternatively, in accordance with the present inven- 15 
tion, a method for forming a device for reading an 
image comprising photoelectric conversion semicon- 
ductor devices provided on a substrate and comprising 
p-rype impurity semiconductor regions and n-type im- 
purity semiconductor regions, an electric circuit re- 20 
quired to read an image, and p-type and n-type thin film 
transistors provided on said substrate and constituting at 
least a part of said electric circuit comprises: forming a 
semiconductor film on said substrate; forming on said 
substrate said photoelectric conversion semiconductor 25 
devices, semiconductor regions of said photoelectric 
conversion semiconductor devices being made from 
said semiconductor film; forming on said substrate said 
o-type and n-type thin film transistors, semiconductor 
rerions of said p-type and n-type thin film transistors 30 
being made from said semiconductor film; forming said 
p-type impurity semiconductor regions in said photoe- 
lectric conversion semiconductor devices; forming 
source and drain impurity regions of the p-type thin film 
transistors at the same time as the formation of said 35 
p-type impurity semiconductor regions is earned out; 
forming said n-type impurity semiconductor regions in 
said photoelectric conversion semiconductor devices; 
and forming source and drain impurity regions of the 
n-type thin film transistors at the same time as the for- 40 
mation of said n-type impurity semiconductor regions is 
carried out. 

In addition, the thin film transistor (TFT) which 
serves as at least a pan of an image reading circuit may 
be of a complementary structure. In this case, simulto- 45 
neously with formation of a P-channel transistor, the 
p.type impurity region of the photoelectric conversion 
device may be formed using the same photomask. Like- 
wise simultaneously with formation of an N-channel 
trans'istor, the N-type impurity region of the photoelec- 50 
trie conversion device may be formed using the same 
photomask. 

Further, the semiconductor film may be composed ot 
semi-amorphous or semi-crystal semiconductor. In this 
case, the semiconductor film has a long diffusion length 55 
which can not be obtained by amorphous semiconduc- 
tor and a large absorption coefficient which is not ob- 
tained by monocrystal or polycrystal semiconductor. 
Therefore, the semiconductor film can be thinned and 
the photoelectric conversion device having a long diffu- 60 
sion length can be manufactured. 
LStill further, the semiconductor film thus obtained 
has an electrical characteristic of 10 to 200 cmWsec m 
hole mobility, and 15 to 300 cmWsec in electron mo- 
bility. Therefore, the TFT has a remarkably high pho- 65 
/ toresponsibiliiy^ 

^ In the photoelectric conversion device thus con- 
structed, those carriers which are generated in a photo- 
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electric converting area between the P-type and N-type 
diffusion regions can be effectively outpurted to the 
outside because of the long diffusion length of the semi- 
conductor layers. In addition, since the P-type and N- 

5 type impurity regions are formed in a direction of depth 
(in a laminating direction) of the same semiconductor 
film from the light-irradiating surface of the semicon- 
ductor film, the intensity of the irradiated light is con- 
stant in the direction of the electric field between the 

10 P-type and N-type impurity regions, so that photoelec- 
tric conversion efficiency is improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) to 1(F) are longitudinal-sectional views 
IS for a manufacturing process of the image reading device 
according to this invention; 

FIG. 2 is a longitudinal-sectional view for another 
embodiment of the image reading device according to 
this invention; and 
20 FIGS. 3(A) and 3(B) show energy band diagrams for 
the embodiment of FIG. 2. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

25 Preferred embodiments according to this invention 
will be described with reference to the accompanying 
drawings. 

Before describing the detailed construction of the 
embodiments of this invention, a mechanism of semi- 

30 amorphous or semi-crystal semiconductor which is used 
in this invention will be first described in brief. 

A semi-amorphous or semi-crystal semiconductor 
film of this invention is formed by forming a film by an 
LPCVD method, a sputtering method, a PCVD 

35 method or the like, and then subjecting it to a thermal- 
crystallization process. The formation of the semi-amor- 
phous or semi-crystal semiconductor film using the 
sputtering method will be representatively described 
hereunder. 

40 Z^Monocrystal silicon semiconductor serving as a tar- 
getVs sputtered by a mixed gas of hydrogen and argon 
to separate atomic silicon from the target due to the 
sputtering (impinging) of heavy atoms of argpn.upon 
the target. The separated silicon atoms £*gh*T;o a sub- 

45 strate and^deposited on a film-forming surface of the 
substrate. At the same time, an agglomerate into which 
- atoms of several tens to several hundred thousands are 
assembled is also separated as a cluster from the target, 
■fligltt$yo e tne substrate and is deposited on the film- 

50^ forming surface ofvriie substrate. During the flight of the 
silicon atoms and clusters, the hydrogen atoms bond to 
dangling bonds of th\silicon atoms on the peripheral 
surface of the clusters\These clusters having Si-H 
bonds on the periphei]al\urface thereof are orderly 

55 deposited on the fdm-formirte surface of the substrate 
and form an area in which thV clusters are arranged 
with, relatively high order (regularity) on the film-form- 
ing surface (hereinafter referred K>v as "high-orderly 
area"). That is, the high^t-orderly clusters having the 

60 Si-H bonds on the peripheral surface thereof and the 
pure amorphous silicon are •mixed- deposited on the 
film-forming surface of the substrate. TheNteposited 
mixture is subjected to a heat treatment at 45b^C. to 
700* C. in non-oxidation (non-oxide) gas atmosphere to 

65 react each Si-H bond on the peripheral surface ofxhe 
clusters with another Si-H bond of the clusters and forth 
Si-Si bonds, so that a silicon semiconductor film is * 
formed on the substrate?} 

/ 
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Through the Si-Si bonding reaction of the dusters, 
the clusters are allowed to pull against each other and at 
the same time the high-orderly silicon clusters are urged 
to be phase-changed to more high-orderly silicon clus- 
ters, that is, crystallized silicon. However, the neighbor- 5 
isg clusters still pull against each other through the 
Si-Si bonds of the neighboring clusters. As a result, a 
crystal thus obtained has lattice distortion therein, so 
that the peak of a laser Raman spectrum of the crystal is 
shifted to a lower wave number than 520 cm- 1 for a 10 
single crystal. 

The Si-Si bonds between the clusters serve to anchor 
Gink) the clusters to each other (hereinafter referred to 
as "anchoring effect"), and energy bands of the clusters 
are electrically linked through each anchored portion 
(Si-Si bond) of the clusters to each other due to the 
anchoring effect. Therefore, the crystal obtained by the 
above process which is defined as semi-amorphous or 
semi-crystal in this invention is basically different from ^ 
the polycrystal silicon in which a grain boundary 
thereof serves as a barrier against carriers. For example 
a carrier mobility of 10 to 300 cmWSec of this embodi- 
ment is obtained. 

As described above, the semi-amorphous or semi- ^ 
crystal as defined above is expected to seemingly have a 
crystalline property, but electrically have substantially 
no grain boundaries therein. 

Of course, if an annealing temperature is not set to an 
intermediate annealing temperature of 450* to 700* C ^ 
for a silicon semiconductor, but to a higher temperature 
of 1000* C or higher in order to perform crystallization 
inducing crystal growth, oxygen contained in the film is 
deposited at the grain boundaries and serves as a barrier. 
In this case, the obtained crystal is equivalent to mate- 35 
rial including single crystals and grain boundaries. 
£^^he degree of the anchoring (linking) effect be- 
tween thosclusters in the semiconductor film is height- 
ened, the carrier mobility is-mote increased. In order to 
heighten the andS^rmg effect, the amount of oxygen to 40 
be contained in the semiconductor film should be de- 
creased below 7xl0* 9 dm^\ and preferably below 
1 x 10 19 cm- 3 - In this case, tnVcrystallization can be 
performed at a temperature below SOO^Q^and a high 
carrier mobility is obtainable?} " 45 

Next, the preferred embodiments (examples) accord- 
ing to this invention will be described hereunder. 

First Embodiment 

FIGS. 1(A) to 1(F) are longitudinal-sectional views 50 
showing a manufacturing process for an image reading 
device according to this invention, and in particular a 
manufacturing process for a photoelectric conversion 
device portion and P-type and N-type TFT portions. 

In FIG. 1(A), a substrate 1 comprises a conductive or 55 
insulating substrate. For example, pottery, ceramic or 
glass material is used as a substrate in this embodiment. 
The reason for utilization of these materials resides in 
that these materials have low cost, high mechanical 
strength and heat-resistance for a film forming process. 60 

In FIG. 1, reference numerals 100, 200 and 300 repre- 
sent a P-channel TFT (P-type thin film transistor) por- 
tion, an N-channel TFT (N-type thin film transistor) 
portion and a photoelectric conversion device portion, 
respectively. The substrate 1 comprises glass material 65 
such as AN glass, Pyrex glass or the like which has a 
heat-resistance against a thermal process at a tempera- 
ture of approximately 600* C. or more. 
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First, a silicon oxide film 2 having a thickness of 1000 
to 3000 A, which serves as a blocking layer, is formed 
on the substrate 1 by a magnetron RF(high frequency) 
sputtering method under the following sputtering con- 
3 dition: 100% oxygen atmosphere, a film-forming tem- 
perature of 150* C, an output power of 400 to 800 W 
and a pressure of 0.5 Pa. Further, quartz or monocrystal 
silicon is used as a target, and a film-forming speed is 30 
to 100 A/minute. 
1° Thereafter, a silicon semiconductor film 3 is formed 
on the silicon oxide film 2 by an LPCVD method, a 
sputtering method or a plasma CVD method. 

In a case where the silicon film 3 is formed by a va- 
por-phase method under reduced pressure (LPCVD), 

15 the film-forming process is carried out at 450* C. to 550* 
C, for example, at 530* C. which is lower than a crystal- 
lization temperature by 100 to 200* C, while disilane 
(Si2H6) or trisilane (Si^Hs) is supplied to a CVD device. 
The following film-forming conditions are adopted: a 

20 pressure in a reaction chamber is 30 to 300 Pa, and a 
film-forming speed is 50 to 250 A/minute. 

In a case where the silicon semiconductor film 3 is 
formed by the sputtering method, a back pressure be- 
fore the sputtering is set to 1 X 10~ 3 Pa or less, mono- 
crystal silicon is used as a target, and the film-forming 
process is carried out in atmosphere including a mixed 
gas of argon and hydrogen of 20 to 80%, for example, 
argon of 20% and hydrogen of 80%. Further, the fol- 
lowing film-forming conditions are adopted: the film- 
forming temperature is 150* C, the sputtering fre- 
quency is 13.56 MHz, the output power of sputtering is 
400 to 800 W and the pressure is 0.5 Pa. 

In a case where the silicon semiconductor film 3 is 

35 formed by the plasma CVD method, the film is formed 
at 300* C by introducing monosilane (SirU) or disilane 
(Si2H6> into a PCVD device and applying high fre- 
quency power of 13.56 MHz. 
The silicon semiconductor film 3 thus obtained in- 

40 eludes oxygen preferably below 7xl0 19 cm" 3 , and 
more preferably below 1 x 10 19 cm* 3 in concentration. 
This restriction in concentration of the contained oxy- 
gen promotes crystallization degree of the silicon semi- 
conductor film in the crystallizing process thereof. For 

45 example, through a secondary-ion mass spectrometry 
for the silicon semiconductor film thus obtained, con- 
centrations of oxygen, carbon and hydrogen are mea- 
sured to be 8Xl0>3 C m-3 f 3x 10** cm-* and 4 XlO*> 
cm~ 3 , respectively, and these concentration values are 

50 extremely small in comparison with the concentration 
of silicon 4x 10 22 cm~ 3 (that is, below one atom %). 

After the amorphous-state silicon semiconductor film 
having a thickness of 2000 A to 2 microns, for example, 
1 micron is formed on the substrate as described above, 

55 the silicon semiconductor film 3 on the substrate is 
subjected to the heat-treatment at an intermediate tem- 
. perature of 450* to 700* C. in non-oxidation (non-oxide) 
atmosphere for 12 to 70 hours. For example, the silicon 
semiconductor film 3 is kept at 600* C. in nitrogen or 

60 hydrogen atmosphere. 

Since the amorphous silicon oxide film is formed on 
the surface of the substrate which is located under the 
silicon semiconductor film 3, the silicon semiconductor 
film 3 has no specific cores therein in the heat-treatment 

65 process. As a result, the silicon semiconductor film 3 is 
wholly homogeneously annealed with heat. That is, the 
silicon semiconductor film 3 has an amorphous struc- 
ture in the film-forming process. In addition, the hydro- 
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,„ » merely mixdly muoducol into th. silico" «»•- 

many areas having such imcr^su^sute tnmc 

Accordingly, the silicon semiconductor 
„w state where no grain boundary (hereinafter re- 25 
£5 o L GB ) subsSally exists. The earners are 
£2? moved through anchored portions between the 
Senand thus the silicon semiconductor film 3 thus 
oS has a higher carrier mobility than the poly- 

SK*S^ length of several -crons to -eral 
tenTrnicrons which is equal to or longer than the difTu 35 
■ TTJ^h «f the nolvcrystal sil con semiconductor. 
"Tn a cSe whSe E^S of the intennediatc-temp^ 
ture annealing treatment, the silicon semiconductor Tdm 
« ? u WecSd to a high-temperature annealing treatment 
of & tollO)- C to polycrystallize the film, segrega- 40 
SS i»P«nVy materials occurs in the dko. semicc-n- 
dSctor film 3 due to a solid-phase 8^*™*" 
co?2 and the impurities such as oxygen, carbon. ^nitro- 
«nlnd so on are accumulated at the grain boundaries 
iTa resSt, the silicon semiconductor £tata . . ^ « 
carrier mobility in the crystal areas but has a tower 
Srrier mobilitV at the grain boundaries because the 
Elation of the impurities at the 
produces a barrier at each grain boundary and P^ems 
Movement of the carriers over the grain £»d» ta SO 
fact, it is difficult to obtain a earner mobility above 10 

Cm A?dScribed above, the silicon semiconductor film 3 
usi mlSS embodiment has semi-amorphous or semi- ^ 

"rt -Semiconductor film 3 thus formed. sub- 
jected to a patterning process using a photomask by 
Sis of a photolithographic technique to leave a pec 
£S POrtfon on the substrate 1, whereby the silicon 
semiconductor film 3 having a predetermined pattern as 60 
shown in FIG. 1(A) is formed on the silicon oxide film 

2 ' Thereafter, another silicon oxide film 4 of 500 to 2000 
A (e g. 1000 A) in thickness is formed on the surface : of 
the silicon semiconductor film 3 and the surface : o he 65 
Sicon oxide film 2 which is exposed to the ou s de 
h rough the patterning process. The formation of he 
£ 4 is earned ou. in the same manner as that of the 
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silicon oxide film 2. A small amount of fluorine may be 
added for the second silicon oxide film 4 in the film- 
forming process. The second silicon oxide film 4 serves 
as a gate insulating film in the TFT portions 100 and 
5 200. 

Thereafter, on the second silicon oxide film 4 is 
formed a silicon semiconductor film including phospho- 
rus of 1 x 10 20 to 5x 10 20 cm- 3 in concentration, or a 
multilayer including the phosphorus including silicon 

10 semiconductor film and a layer of molybdenum (Mo), 
tungsten (W), M0S12 or WSi2 formed on the phosphorus 
including silicon semiconductor film. The result film is 
subjected to a patterning process using a second photo- 
mask to form an intermediate image read ing device 

15 having a gate electrode 5 for a P-type TFT and a gate 
electrode 5' for an N-type TFT on the second silicon 
oxide film 4 as shown in FIG. 1(B). For example, the 
intermediate device is so designed that it has a channel 
length of 10 microns and includes the gate electrodes 5 

20 and 5' comprising a phosphorus-doped silicon semicon- 
ductor film of 0.3 micron and a molybdenum film of 0.2 
micron on the silicon oxide film 4. Simultaneously with 
the formation of the gate electrodes 5 and 5', a mask 5" 
is provided for an I-type semiconductor region on the 

25 second silicon oxide film 4 using the same photomask as 
used for the formation of the gate electrodes 5 and 5'. 

A photoresist 6 indicated by a dotted line of FIG. 
1(C) is formed using a photomask. Thereafter, boron is 
selectively doped into the silicon semiconductor film 3 

30 of the P-type TFT portion 100 (at the left side of FIG. 
1(C)) at a dose of 1 X 10 15 cm" 2 to form a source 7 and 
a drain 8 for the P-type TFT portion 100 by an ion 
injection (ion implantation) method, and at the same 
time is selectively doped into an area serving as a P-type 

35 impurity region 9 of the photoelectric conversion de- 
vice portion 300. In this doping process, the N-type 
TFT portion 200, the mask 5" and an area serving as an 
N-type impurity region of the photoelectric conversion 
device portion 300 are masked by the same photoresist 

40 6 so that the boron-doping into these areas is prevented 
Next, another photoresist 13 indicated by a dotted 
line of FIG. 1(D) is formed using a photomask. Thereaf- 
ter, phosphorus is selectively doped into the silicon 
semiconductor film 3 for the N-type TFT portion 200 

45 (at the middle of FIG. 1(D)) at a dose of 1 X 10 15 cm" 2 
to form a source 10 and a drain 11 for the N-type TFT 
portion in the ion injection (ion implantation) method, 
and at the same time is selectively doped into an area 
serving as the N-type impurity region of the photoelec- 

50 trie conversion device area 300. In this doping process, 
the P-type TFT portion 100, the P-type impurity region 
of the photoelectric conversion device portion 300 and 
the mask 5" are masked by the same photoresist 13 so 
that the phosphorus-doping into these areas is pre- 

55 verited.^^ 

^ T3^jese^boron-doping and phosphorus-doping are car- 

1/1 ^ied ouithrough the insulating film 4. However, as 
shown inFIG. 1(B), the gate electrodes 5 and 5' and the 
mask 5" maybeused as a mask to remove the silicon 
60 oxide film 4 on me^sUicon semiconductor film 3, and 
then boron and phosphorus are directly doped into 
predetermined areas of the sitieon^semiconductor film 3 
by the ion injection (ion implantatioTry-me^hod?} 
Next, the heat-annealing treatment is conducted 
65 again at 600* C. for 10 to 50 hours, so that the source 7 
and drain 8 of the P-type TFT portion 100 and the 
P-type impurity region 9 of the photoelectric conver- 
sion device portion 300 are activated into the respective 
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regions, and the source 10 and drain 11 of the N- 
type TFT portion 200 and the N-type impurity region 
of the photoelectric conversion device portion 300 are 
activated into the respective N~ regions. 

In the image reading unit thus constructed, channel 5 
forming regions 14 and 15 are formed beneath the gate 
electrodes 5 and 5\ and an intrinsic semiconductor layer 
is formed as semi-amorphous semiconductor beneath 
the mask 5". 

Through the manufacturing process for forming the *° 
image reading unit as described above, complementary 
type of TFTs and a photoelectric conversion device can 
be formed without elevating a tem per ature to 700* C. or 
higher in the beating treatment thereto even though it is 
manufactured in a self-aligning system. Therefore, ma- 15 
terials such as quartz which is high in price are not 
necessarily used as a substrate, and thus this manufac- 
turing process is remarkably suitable for the image read- 
ing device of this invention. 

In this embodiment, the heat-annealing treatment is 20 
conducted twice at the steps of FIGS. 1(A) and 1(D). 
However, the annealing treatment of the first step of 
FIG. 1(A) may be eliminated in accordance with char- 
acteristics required for the image reading unit Further, 
the twice annealing treatments at the steps of FIGS. 
1(A) and 1(D) may be replaced by one annealing treat- 
ment of FIG. 1(D) to shorten a manufacturing time. 

Next, the areas other than the photoelectric conver- 
sion device portion 300 are masked by a photoresist ^ 
which is obtained using a photomask, and the mask 5" 
on the silicon semiconductor film 3 of the photoelectric 
conversion device portion 300 is removed by a dry or 
wet type etching process. 

Thereafter, a layer insulation member 16 as shown in 35 
FIG. 1(E) is formed on the image reading unit by the 
sputtering method in the same manner as used for the 
formation of the silicon oxide film. The layer insulation 
member 16 thus obtained has a thickness of 0.2 to 0.7 
micron. This layer insulation member 16 (silicon oxide 40 
film) may be formed by the LPCVD method or an 
optical CVD method. Thereafter, windows 17 for the 
electrodes are formed as shown in FIG. 1(E) using a 
photomask. 

Thereafter, an aluminum film is formed on the overall 45 
surface of the image reading unit by the sputtering 
method, and patterned into leads 18, 19, 20, 21, 22 and . 
23 by a photomask. 

(^Through a series of processes as described above, the 
P-type TFT portion 100, the N-type TFT portion 200 50 
and the photoelectric conversion device portion 300 are 
formed on the same glass substrate 1 using the same 
silicon semiconductor film. FIG. 1(F) shows the image 
reading unit which is finally completed through the 
above processes. The following^s^characteristics (car- 55 
rier mobility and threshold voltage Vth) of the P-type 
TFT and the N-type TFT, respectively^ 





MOBILITY <cm 2 /Vs> 


VtH(V) 


PTFT 


20 


-3 


NTFT 


30 


4.3 



60 



By using the silicon semiconductor film as described 
above, the TFT can be provided with a large mobility 65 
which has not been conventionally obtainable. In this 
embodiment, the N-type TFT is used as a switching 
element for an output of the photoelectric conversion 



10 

device and the TFTs having the complementary struc- 
ture are used in a peripheral image reading circuit. 

A conventional photoelectric conversion device has 
positive and negative electrodes which are arranged in 
5 a laminating direction of the semiconductor films m 
such a manner that the semiconductor film is sand- 
wiched between the positive and negative electrodes. In 
this sandwiching structure of the electrodes and the 
semiconductor film, if a pinhole is unmtenoonally 
10 formed in the semiconductor film in the film-forming 
process, a short-circuit frequently occurs between the 
positive and negative electrodes. However, in the pho- 
toelectric conversion device according to this embodi- 
ment, the positive and negative electrodes are not ar- 
15 ranged in the laminating direction of the semiconductor 
film, and therefore no short-circuit occurs between the 
positive and negative electrodes due to a pinhole in the 
semiconductor film. As a result, the photoelectric con- 
version device of this embodiment has an extremely low 
20 leakage current 

SECOND EMBODIMENT 
FIG. 2 shows another embodiment of the photoelec- 
tric conversion device portion of the image reading 
25 device, which has substantially the same structure as 
that of the first embodiment, except that an amorphous 
silicon semiconductor film 24 of 3000 A in thickness is 
further formed on a light-irradiating surface side of the 
semiconductor film 3. The other film-forming processes 
30 are identical to those of the first embodiment 

The amorphous silicon semiconductor film 24 has a 
larger absorption coefficient than that of the semicon- 
ductor film 3. Accordingly, upon light-irradiation, a 
large amount of carriers are produced in the amorphous 
35 silicon semiconductor film 24, and then drift through 
the semiconductor film 3 and are outputted through the 
positive and negative electrodes to the outside. 

At the same time, carriers are also produced in the 
semiconductor film 3. The photosensitivity of the sexm- 
40 conductor film 3 is dependent on the wavelength of the 
irradiated light. Therefore, in the second embodiment, 
light having a wide wavelength range may be con- 
verted to electricity. 
Further, since the amorphous silicon semiconductor 
45 film 24 has a wider energy band width than the semi- 
conductor film 3, the carriers which are generated in 
the semiconductor film 3 are prevented from drifting to 
the semiconductor film 24, while the carriers which are 
generated in the semiconductor film 24 are promoted to 
50 drift to the semiconductor film 3 along a gradient of the 
energy band of the semiconductor film 24. Therefore, in 
this embodiment, the generated carriers can be more 
effectively outputted to the outside. 
FIGS. 3(A) and 3(B) show the energy bands of the 
55 semiconductor films 3 and 24 to diagranimaticaDy ex- 
plain the above effect of the energy bands, where FIG. 
3(A) shows an energy band for a longitudinal section of 
the photoelectric conversion device of FIG. 2 which is 
taken along a line A-A\ and FIG. 3(B) shows an energy 
60 band for a cross section of the photoelectric conversion 
device of FIG. 2 which is taken along a line B-B\ 
THIRD EMBODIMENT 
The image reading device of this third embodiment 
65 has substantially the same construction as the first em- 
bodiment, except for the following point 

Only the N-type TFT includes the same semiconduc- 
tor film as used for the photoelectric conversion device. 
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and is formed simultaneously with the formation of the 
N-typc impurity region of the photoelectric conversion 
device 300. At the time when the P-type impunty re- 
gion is formed in the photoelectric conversion device 
portion 100, the TFT portion is masked by a photore- 5 
sist, and thus no P-type impurity is doped. In this em- 
bodiment, unlike the complementary type of IM. « b 
not necessary to coincide Vth between the P-type TFT 
and the N-type TFT. Accordingly, a permissible range 
for the inanufacturing process is broadened. 10 

In the embodiments as described above, the light is 
irradiated from an opposite side to the substrata How- 
ever, the light-irradiating direction is not limited to the 
above direction, and the light may be irradiated from 
the substrate side. In this case, if an electrical character- 15 
istic of the semiconductor is influenced by variation of 
the photosensitivity of the semiconductor film due to 
alteration of the light-irradiating direction, a Iight- 
shielding film may be provided if «x^ion demands. 

In place of provision of the light-shielding film, the 20 
thickness of the semiconductor film is increased, and an 
element such as oxygen, nitrogen or the like is added at 
the substrate side of the semiconductor film to partly 
degrade the photosensitivity of the semiconductot 'film. 
In this case, it is unnecessary to insulate the light-shield- 25 
ing film, and thus the same effect is obtained using a 
more simple process. 

According to this invention, the image reading de- 
vice is implemented with a simple manufacturing pro- 
cess and in low cost. That is, the number of steps for the 30 
process and the number of photomasks used in the pro- 
cess can be reduced. Further, a part of the image read- 
ing circuit is integrally formed on the substrate and the 
TFT having high photoresponsivity is utilized, so that 
the device can be miniaturized in size and perform a 35 
high-speed image reading operation. 

In addition, the complementary structure can be 
formed by the simple and low-cost process, so that 
degree of freedom in design of the image reading circuit 
is increased, and elements behind the image reading 40 
circuit can be easily formed by an IC-forming technol- 

Further, since the carriers generated by the light 
irradiation are diffused in a direction parallel to the 
surface of the semiconductor film, the earners suffer no 45 
disturbance of their drifting by an interface or boundary 
which is formed in the laminating or thickness direction 
of the semiconductor film. Therefore, the generated 
carriers can be effectively outputted to the outside. 

Still further, the positive and negative electrodes of 50 
the image reading device are formed only on the surface 
thereof, so that an influence of thermal stress is negligi- 
ble in the semiconductor film forming process. 

Still further, material having low cost such as pottery, 
ceramic, glass or the like is used as a substrate and the 55 
thickness of the semiconductor layer which is formed 
on the substrate is as small as 1 to 50 microns, so that the 
' cost of the materials is remarkably low. 

The foregoing description of preferred embodiments 
has been presented for purposes of illustration and de- 60 
scription. It is not intended to be exhaustive or to limit 
the invention to the precise form described, and obvi- 
ously many modifications and variations are possible in 
light of the above leaching. The embodiment was 
chosen in order to explain most clearly the principles of 65 
the invention and its practical application thereby to 
enable others in the art to utilize most effectively the 
invention in various embodiments and with various 



